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Abstract: The distribution of free- and bound-vitamin Bi2 in the waters of coral reef of Heron Island, Australia
was investigated. The contents of total and free-vitamin Bi2 were fairly high: 3.2-23.8 ng!l and 1.98-22.4 ngll,
respectively. The bound-Bi2, which is a biologically non-active Bi2, ranged from O.77 to 2.31 ng!l and amounted
to 5.8-47.9 9o (mean: 23.5 e/e) of total Bi2. The content of free-Bi2 in the waters of coral reef was found to be
close to the critical level which maximizes the growth of Bi2-requiring phytoplankton. It seems that the abund-
ance of free-Bi2 could support the high productivity of coral reefs.
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Introduction
  Many species of marine phytoplankton have been found to be auxotrophic, i.e. they require
most commonly vitamin Bi2 as a growth factor (Provasoli and Carlucci, 1974). The growth
rate, maximum cell yields, photosynthetic rate, and vitamin uptake rate of vitamin BiL,-requiring
microorganisms depend on the ambient vitamin Bi2 concentration (Swift, 1984). Thus the con-
centration of dissolved vitamin Bi2 is estimated to control not only the growth of vitamin Bi2-
requiring species but also prirnary production in seawater (Carlucci and Bowes, 1970).
  Some phytoplankters are known to release into the medium a substance which binds free-
vitamin Bi2 (Pintner and Altmeyer, 1979; Davies and Leftley, 1985). The binder makes vitamin
Bi2 unavailable and inhibits growth of vitamin Bi2-requiring microorganisms. Consequently the
binder may affect the growth of Bi2-requiring species, and also the succession of phytoplankton
assemblages in seawater.
  This report deals with the evaluation of analytical method for vitamin Bi2 binder in natural
seawater and the distribution of free-vitamin Bi2 and vitamin Bi2-binding factors in coral reef of
Heron Island, Australia.
                            Materials and Methods
Collection ofsamPles
  Water samples were collected from the stations set up on the reef area of Heron Island as
shown in Fig.1.
Assay of vitamin Bi2 comPounds
  Total vitamin Bi2 were determined for the subsample autoclaved at l20Åé for 5 minutes to
convert vitamin Bi2 compounds to free-vitamin Bi2. The content of vitamin Bi2 bound to Bi2
binder (bound-vitamin Bi2) was determined for the subsample removed free-vitamin Bi2 by
using protein-coated charcoal (Raven et al., 1969; Liu and Sullivan, 1972). Amount of free-vita-
min Bi2 in those subsamples was determined by microbiological assay method using EMglena
gracilis strain z (Hayashi and Kamikubo, 1966). Free-vitamin Bi2 content in samples was
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                  Fig. 1. Sampling stations in coral reef of Heron Island.
deterrnined by subtracting the content of bound-vitamin Bi2 from that of total vitarnin Bi2.
Separation offree- and bound-vitamin Bi2
  The albumin-coated charcoal method has been used for the separation of free- and bound-Bi2
in freshwater and body fluids, but not saline waters (Ravan et al., 1969; Liu and Sullivan,
1972). In the preliminary investigation of the present study, the reliability and applicability of
this method for natural seawater were evaiuated.
  The albumin-coated charcoal mixture was prepared by mixing equal volumes of 5 per cent
aqueous suspension of Norit "A" and a 1 per cent bovine serum albumin (Liu and Sullivan,
1972). The charcoal mixture was added to seawater samples to absorb free-vit]amin Bi2, then
the mixture was passed through Whatman GFIC glass fiber filter to remove the charcoal. After
addition of O.1 ml of KCN solution and O.5 ml of acetate buffer (pH 4.5) to 5 ml of the filtrate,
the solution was autoclaved at 120 Åé for 5 minutes to extract free-vitamin Bi2 from bound-
vitamin Bi2 compound. The content of vitamin Bi2-binder in the sample was expressed as that
of vitamin Bi2 bound to the binder.
  The concentration of charcoal mixture and the duration of treatment necessary for complete
absorption of free-vitamin Bi2 were determined for seawater samples. Then the separation of
free-vitamin Bi2 from total vit]amin Bi2 and the reproducibility of determination by albumin-co-
ated charcoal method were evaluated.
Results and Discussion
Evaluation ofalbumin-coated charcoal method
  In the preliminary experiment, the concentration of albumin-coated charcoal mixture and the
duration of treatment necessary for absorbing 200 ngll of free-vitamin Bi2 were found to be 10
9o volurne of sample and 5 minutes, respectively. The recovery of free-vitamin Bi2 added to
natural seawater samples based on this treatment is shown in Table 1. The recovery averaged
VITAMIN B,, COMPOUNDS IN CORAL REEF 41
Table 1. Separation of free-vitantin Bi2 from total vitamin Bi2 by albumin-coated charcoal treatment.
Sample Sample + Free-Bi2(100 pg)
Series Total B12
  (A)
Bound-Bi2
   (B)
Total Bi2
  (C)
Bound-Bi2
   (D)
Recovery of
 frree-Bi2*
1
2
3
45.9 pg
87.8
87.8
4.1 pg
3.8
5.6
141.0 pg
176.0
188.0
4.5 pg
4.5
6.5
94.7 9o
87.5
99.3
" Recovery of free-Bi2= [(C-D)-(A-B)] Å~ 100!100
Table 2. Reproducibility of the determination of total and bound-vitarnin Bi2 by albumin-coated charcoal
         treatment.
Series Sample A Sample B Sample C
Total Bi2 Bound-Bi2 Total Bi2 Bound-Bi2 Total Bi2 Bound-Bi2
 1
 2
 3
cv"
5.6 ngfl
5.3
4.8
7.7
2.5 ng!l
2.2
2.5
7.2
7.0 noll
    b
7.8
7.0
6.4
3.9 ngfl
3.9
4.2
4.3
6.3 ng,ll
5.4
5.7
7.9
2.7 ng!l
2.6
2.6
5.6
" Coefficient of variation (9o)
93.9 9o, and the result revealed that albumin-coated charcoal method separates sufficiently the
free-vitamin Bi2 from bound-vitamin Bi2 in seawater samples.
  The reproducibility of the determination of total and bound-vitamin Bi2 by charcoal treatment
is shown in Table 2. The coefficient of variation for bound-vitamin Bi2 ranged from 4.3 to 7.2.
From the evaluation, it was ascertained that the albumin-coated charcoal method is reliable for
the determination of free- and bound-vitamin Bi2 in seawater samples.
Vitamin Bi2 comPounds in coral reef area
  The contents of total, free-, and bound-vitamin Bi2 in samples were determined using the
method mentioned above, and the data are shown in Table 1. The concentration of total dis-
solved vitamin Bi2 ranged from- 3.2 to 23.8 ng/l, and was generally higher in the samples at
high tide than those at low tide. The total vitamin Bi2 concentration found in coral reef area
was much higher than that of open ocean (Provasoli and Carlucci, 1974), and close to that mea-
sured in eutrophic coastal seawaters (Nishijima and Hata, 1979, 1986).
Table 3. Concentration of vitamin Bi2 compounds in the water of coral reef of Heron Island (1992).
Date Sta Depth
 m
Temp.
 eC
Total Bi2
ngll (A)
Free-Bi2 Bound-Bi2
ngfl (B) 9o(B/A) ngfl (C) 9o(CfA)
Oct.6 1 0 22.0 8.20
                   2 23.8High 2 O 24.0 10.5tide 2 10.4
          3 O 26.0 3.60Oct.7 1 O 23.0 5. 15
                   2 24.0 3.20
Low 2 O 24.5 3.80tide 3 O 26.0 7. 75
7.26 88.5
22.4 94.1
9.73 92.7
8.09 77.8
2.33 64.7
3.55 68.9
2.26 70.6
1.98 52.1
6.15 79.4
0.94 11.5
1.38 5.8
O.77 7.3
2.31 22.2
1.27 35.3
L60 3LlO.94 29.4
1.82 47.9
1.60 20.6
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  The content of free-vitamin Bi2 ranged from 1.98 to 22.4 ngll, and the ratios of free-vitamin
Bi2 to total Bi2 were 52.1-92.7 9o. It is free-vitamin Bi2 that organisms could use as a vitamin
Bi2 source directly, and its critical level to maximize the growth for vitamin Bi2-requiring phy-
toplankton was reported to be 10-20 ngll (Nishijima, 1989). The concentration of free-vitamin
Bi2 in the waters of coral reef area was close to this level for some samples at high tide.
  The bound-vitamin Bi2, a biologically non-active vitamin Bi2, was found in the water; the
level of bound-vitamin Bi2 was O.77-2.31 ngfl, and amounted to 5.8-47.99o (mean: 23.5 9o) of
total dissolved vitamin Bi2 contents. The content of bound-vitamin B!2 in the water of Ura-
nouchi Inlet, a eutrophied inlet in Japan, was reported to range from O to 5.1 ngll (Nishijima et
al., in press). The ratio of bound-vitamin Bi2 content to total vitamin Bi2 in the inlet averaged
35 9o. The concentration of bound-vitamin Bi2 and the ratios to total vitamin Bi2 in coral reef
of Heron Island were found to be slightly lower than those in the eutrophied seawater.
  From the present results, the concentration of total and free-vitamin Bi2 in the waters of
coral reef was found to be fairly high. It seems that the abundance of free-vitamin Bi2 could
support the high productivity in coral reefs. The occurrence of bound-vitamin Bi2 seems com-
mon in seawater. Some marine phytoplankter are known to produce vitamin Bi2 binder, but its
ecological roles and behavior in seawater are not clear yet.
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